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EFFECT OF VARIOUS CARBURETOR THROTTLE SETTINGS ON
THE FLOW CHARACTERISTICS AT THE OUTIET OF A
SUPERCHARGER INLET ELBOW

By Jason J. Moses

SUMMARY

An Investlgation has been conducted to determine the effect of
varying the carburetor throttlo sottings on the flow characteristlcs
at the outlet of the supercharger inlet slbow. Air-flow testa were
made at carburetor throttle settings of full open, and 15°, 307, and
45° closed.

The carburotcr throttle setting had an eppruclable effect on
the turbulencs and the vouloclty distrlbution at the inlet to the
suporcharger. For a limited rangs of carburotor throttle sottlngs,
small changes in thn throttlo setting may causo large changes in the
volocity dlistribution at the elbew outlet. Tho rosults of this
investigation arv limlted to carburator-slbow combinatlions in which
the carburvtor has a slngle throttle valve that closes when the
downstream edge mcves toward the iuside of the olbow,

INTRODUCTION

Tho demand for lncreasing the powor and the econamy of airoraft
engines has caused an intensive gtudy to Ilmprove the fuel dlstribu-
tion and the charge-alr distribution in radial enginea. Besides
producing a rough-running eugine, nonuniform fuel and charge-alr
distributions cause same cylindors to develop higher tcmperatures
than others. The detrimental effects due to this condition have
been enumerated in refeorences 1 and 2. A discusslon of the magpni-
tude of the resulting loss in powur and econcmy has been presented
in reforence 3; in same installations, for example, a S50-percent
reduction in tho pressure drop required for cooling at rated power
éould be obtained by eliminating the unegual fuul and charge-air
distridbution. At same crulsing conditions (roforonce 3) the fuol
consumption could be decreasod 20 percent by tho same improvemoant.
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Numerous NACA Investigatlions to improve the fuel and charge-alr
distribution in various englnes have demongtrated that the trend and
the magnitude of the spread of ths distributlion is greatly affected
by the angular poeition of the carburetor throttle. Critical condl-
tlons have been encountered in which moving the throttle through
only a few degrees wlll change an acceptable distribution to one at
which opsration 1g lmpossible. This effect may be caused by the
resulting chenges in tho velocity dlstribution and the turbulence
of the air flow at the face of the superchargor impeller.

The presont investigation conducted at the Cleveland laboratory
of the NACA during the summer of 1944 was therefore made to deter-
mine the order of magnitude of tko varietions in the flow character-~
1stics at the outlet of a suporcharger inlet olbow. The carburetor
used had a single throttle valve that closed whon the downstroam
slde movud toward the inslde of thic elbow. The veloclty distribu-
tion of thou alr was measured at the carburetor and elbow-asscmbly
dlschargs to determine whother the engular position of the throttle
hag enough offect on the flow at the exit of the suporcharger inlet
elbow to warrant an uxtunsive investigation. Tuft studies wero also
made at Lhe eltow outlet to estimate tho relative turbulence,

APPARATUS

The duct-camponnnt test rig usoud for the flow irvestigatlon of
the carburetor and the Inlst olbow is shown in figure 1. Alr wes
suprlied at a static pressure of 40 inchus of water above atmospheric
pressurc and was dischurg:d to thv atmosphors. The welght flow of
alr was rogulatud by a single butterfly-~typre control throttlo. A
16-mosh screen was Inserted 20 dlemotcrs downstreem from the valve
to remove any disturvenccs creoetid by lt. A callbrated pltot-static
" tube installed at thu refsrunce staticn (flg. 1(a)) 20 diamctors
downatruvam of ths sereen was used to muasure the weight flow. The

nead of the tube was locatod 1% inches fram tho duct wall and a

thermocouple was placed diametrically oppositov to muasure tho tem-
perature at thls section. Standard Prandtl-type pitot-static tubes

with a head length of 12 inches mads of stailnlves-stesl tubing

1/8-inch cutside diemetor wure used for all survey measuroments, as
woll as for refercncs measurements. Throughout tho entire distance
from the control throttie to 3 fuet biyond the referoncc station,

the inside diamoter of the duct was 12% inches.

The reference pltot-static tube was callbrated for the range of
flow by comparing tho wulght flow obtained with the reference tube
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with that obtalned from six equally spaced radial surveys at the
reference station. The preclalon of the weight flow determined was
within 1 percent.

Flow tests were made on an assambly consisting of an lnjectlion
carburetor, a carburetor-to-elbow adapter, and a typlcal lnlet elbow.
Thoe geometry of the flow path of this inlot elbow differs only
8lightly from the gevamstry of elbows for moat radlal englnes; the
rosults therefore should be dlrectly applicabls to any radlal engine
on which the same type of carburetor is used. The test slbow was
modified by cutting off the diffuser and the impeller front shroud
1/2 inch upstream from ‘the plans of tho impellor face and by faston-
ing a 1/2-lnch flangu faired to a 7.388-inch inside diameter on the
downstream sidv to the elbow by means of hook bolts plvoted to the
ribs on the outside of the elbow,

Booses were mounted on ‘the cutlot plpe to place the heads of
the gurvoy tubes in a plane coincident wilth the locatlon of the
front face of thu impeller in a normal enginse Inatallation. The
location of the bosaes was such that four surveys parallel to tho

planc of tho bend and 1/2 and 25 inches .on oach sido of the ulbow

conter line (fig. 1(a)) cnuld be taken. Air temperatures at the
elbow outlet were measured with a thermocouple lnstallud 6 1nches
downetream from the survey station to eliminate flow interference
at the survey station. Any rosulting vrrors in temperature meas-
uremonts woru negligiblu on an absoluto-tempuraturo basis because
the tumperaturc change through the entlro suvtup was only in the
order of 2° F.

At thu roference station an NACA micrumanometer wus used to
mosagure tho dynamic prussure to 0,01 inch of alcohol. The ruference-
tubo static prussures, as well as the statlc and the dynamic pres-
surve of the survey tubes, wore read on U-tubes in inches of water
and the atmospheric prossure, corrected to 32° ¥, was measured on a
microbarograph. Temperature measuremonte were obtained from iron-
constantan thermocouples by moans of a self -balancing potentiometer.

In tho tuft studles made for the purposv of studylng flow cher-~
acteristics, the ocutlet duct was replaced by onv made of Plexiglas
in which some woolen tufts were mounted on wires 1/2 inch downstream

from the elbow outlet and others were glued to the lnslide poriphery

in four parallel rings 1/2, Z-Jé'-, 4%, and 6% inches downstroem fram

2
the elbow ontlet,
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METHOD OF TESTS AND CALCULATIONS

Before each survey the carburetor throttle was set add locked
in place and the welght flow of air through the system was adjusted
by the control throttle to obtain a reference static pressure of
approximately 30 inches of water above atmospheric pressure,

Tests were run at cerburetor throttle settings of full open, and
159, 30°, and 45° closed; "full open" refers to the position of the
carburetor butterfly valve when parallel to the center line of the
inlet duct immediately preceding the carburetor (fig. 1(a)). All
angular settings were made with this position as a reference or 0°.
The A and the C surveys were teken simultaneously as wore the B and
the D surveys. Values of atatlic and dynamlic pressures indicated by
the reference tube and the two survey tubes, the barometric pres-
sure, and the temperatures obtalned from thermocouples located at
the roforence station and 6 lnchos downmstream from the survey statlon
wore recorded. Wien a complete set of measurements had been made,
the survey tubos were sct for tloe next polnt. ATter sufficlent timo
had elapsed to overcome the lag in the pressure leads, the next set
of measurements was taken,

Tuft studies were mede for each of the carburetor throttle
pettings by taking right-quarter and left-quarter photographs of the
Plexiglas duct at an angle of 45° from the plane of the bend of the
elbow, Taking two photographs from positions 90° apart eliminated
the posselbllity of showing the tufts in a vertical posltlon on the
photograph when the tufts were 1nclined along the line of sight.

Compreselbility was not taken into account In the computations.
Bocause the weight flow varied slightly with time, the velocity at
each point of the survey was corrected by the ratio of the average
reforence velocity of the entlre run to the reference velocity for
that point. Fram the average density of the two simultaneous sur-
veys, the ¢ross~sectlonal area of the elbow outlet at the survey
gbations, and the welght flow, the averags velocity for each two
surveys was calculated.

RESULTS AND DISCUSSION

The results of the present lnvestigation are applicable only
to installations in which the carburetor has a single throttle valve
that closes when the downstream edge moves toward the Inslde of the
elbow. The velocity distributions obtalined for the varlous throttle
positions are presented as the ratlo of the veloclity at a given point
along the traverse V +to the average velocity of the two slmulta-
neous BuUrveys vav plotted agrinet the ratio of the distance of that
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point from the inside wall of the duct 1 to the total length of
traverse of that survey L. Fhotographs taken under the same test
conditions are also presented to show the flow characteristics
obtalned in the tuft studies,

At the full-open carburetor throttle setting (fig. 2) the
veloclty reaches a maxlmum near the inside wall of the elbow,
decreases at a falrly uniform rate for approximately two-thirds of
the distance across the outlet, and tends to lncrease slightly for
the rest of the distance. BSeparation and backflow near the lnside
of the bend are shown by survey B. The corresponding tuft photo-
graphs (fig. 3) confirm these flow characteristice and the blur
caused by the tufts shows considerable turbulence. ZEven with
potential flow, the highest veloclty wlll occur near the inside
wall of any elbow outlet. The elbow used in these tests has a
high rate of curvature and thus a high velocity near the inside
wall at the elbow outlet.

At a throttle setting of 15° (fig. 4) the general trend of
velocity distribution obtalned for the full-open position was

observed except that the peak value of V/Vav is higher and there

18 a tendency toward irregularity in the curves near the outside
of the bend. The photographs (fig. 5) show that the turbulence
has increased and 18 carried faerther downsgstream. Slight secondary
flow occurs near the inside of the bend. OCurves obtained for a
30° throttle getting (fig. 6) aro also similar to those for the
full-open position. When the throttle setting wes changed from
15° to 30 however, tho maximum valuc of V/V&v was reduced and

the negativo Blopes of the curves were decreased. Although the
tuft studies for the twu settings appear to bu similar (cf figs. 5
and 7), the relative degres of turbulence 1s probably greater at
30° then at 15° because the oscillation of the tufts seems to have
the same magnltude at both settlngs even with the reduced air
wolght flow at 30°.

Moving the throttle from 30° to 45° caused the most pronounced
change in velocity 8rofila of any of the previous throttle changes.
The curves for a 45 throttle getting prssented in figure 8 have
becoms almost horizontal over most of the traverse and the B and
the C surveys, which are near the side walls (see fig. l(a)), are
slightly lower than surveys A and D near the centur of the elbow
outlet. This marked change in the velocity profile indicates the
possibility of a critical range o:E' throttle settings between 30°
and 45°. Tuft studies at tho 45° throttle sstting (fig. 9) are
not noticeably difforent from those at the 30° setting. The rela-
tlve turbulence has probably increased but its effect on tho oscil-
lations of the tufts is counterbalanced by the opposite effuvot of
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decreased mass flow. In fact, the equalization of the velocity pro-
file strongly indicates a large increase in the relative turbulence.

A possible explanation of the observed effects of the throttle
on the flow at the vlbow outlet can be glven with the ald of fig-
ure 1(a). When the carburetor throttle is full open, ths differcnce
in velocities betweoen the inside and tho outsido of the vlbow is
entirely due to the pressure gradient developed by the elbow. Thus
figure 2, vhich shows the veloclity dlstribution at the full-open
throttle position, can be used as an approximation of the flow at
the outlet without the carburetor, because this voeloclity distribu-
tion 1s changed very little by rcmoval of the carburetor. When the
throttlo 1s partly closed, the resulting altoration in the flow
papsages causcs two effects on the flow, One cffect is tho diffor-
oence in voloclty across the duct, and the othor 1s the devclopment
of turbulence, The throttle dividos the availlable flow area into
regions A end B (seo fig. 1(a)) in such a manner that the flow
arca 1s convorgent in A and divorgont in B. As a result of this
configuration tho veloclty at the dilscharge of roglon A will bo
high, whereoas that at the discharge of region B will be relatively
low. This condition will toend to augment thu high veloclty that
1s inhorently produced at the inslde of the olbow. IEven at very
small values of 6 (fig. 1(a)), separation will occur at the loading
odgo of the throttlo and tho resulting flow will bo turbulent.
Additional turbulonce will be caused by the unequal veolocitiles
issulng from roglons A end B gt tho trelling edge of the throttlo.
Tho turbulonco thus causod ls compurativoly small at large throttlo
oponings, but as ths throttlc 1s closod the flow becomes more and
more turbulont. Whon the throttle 1s almost closed, the divergonco
of the flow arca becomus so groat that separation occurs 1n thils
spaco and anothor sourcc of turbulence 1s dovoloped. On tho one
hend, a high-velocity flow cmerging from section A at thc inside of
tho bend tonds to augmunt the high volocity flow at the insldo of
the olbow. On the othcer hand, tho interchange of onorgy pramoted
by thoe turbulonco tonds to oquallze tho volocity of the flow at the
outleot of the olbow.

In this particular installation the volocity offoct 1s prodom-
inato at a throttlo closurc of 15°, as shown by th¢ fact that tho
volocity near the ineido wall of tho olbow outlot is much groetor
at tho throttlo sotting of 15° (fig. 4) than at the full-open posi-
tion (fig. 2). At the 30° throttl. sotting (fig. 6), tho high
voclocity noar tho inside woll of the olbow outlot 1s lowor than tho
corrosponding volocity at tho 15° throttlo sctting. Inaemuch as
those curves aro simllar to thosc of figure 2, thce voloclty offocts
introduced by tho throttle arc almost oxactly countorbaluncod by
the turbulenco offucts. At a throttlo sctting of 45°, tho curvcs
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of figure B show that the turbulence effects have increaged to such
an oxtent that almost complete equalizatlon of the flow veloclty
_has ococurred at the elbow outlet.

Even wlth uniform fuel dlstribution at the impeller inlet, the
fuel end charge-alr distributions would be considerably changed by
varying the carburetor throttle setting. Tho impeller blades, the
diffuser vanes, the collector, and the ocutlet ducting on a radial
engine will tend to act as vanes and thus segregate the flow into
individual elements. Although the magnitude of this uneven mixture
distribution may be sllightly reduced or increased, the naonuniformity
vill be in part transmitted to the cylinders. Actually, the fuel
distribution at the impeller inlet will probably not be uniform.
When the fuel is injected ahead of the impeller, it must be trans-
ported by entraimment in the alr streem and thus will be affected by
the turbulence and the velocity distribution of the flow. The cen-
trifugal forces developed by the curvilinear motion of the air stream
comblned with the effect of gravity temds to cause the fuel to move
toward the outside of the elbow. Any fuel depositocd on the sides of
the passage will also tend to accumulateo at the outslde of the elbow.

Other tests of fuel and charge-alr distribution in radial
engines have shown that for a small range of throttle positlions very
marked changes in flow are observed for small angular throttle vari-
ations, Just as merked changes in flow distribution were observed
in the present tests when the carburstor throttle 1s closed from 30°
to 45°, Flow distortion caused by the supercharger inlet eibow and
the carburetor will therefore have e considorable effect on the mix-
ture distribution in cortain ranges of carburetor throttle setting.

SUMMARY OF RESULTS

The results of flow and tuft studies of a typlcal supercharger
inlet elbow and carburetor at varying throttle angles are as follows:

1. The distortion at the outlet of the supercharger inlet elbow
first increased to a maximm and subsequently decreased as the car-
_ buretor throttle was closed.

2. The greatest variation in the velocity distortion occurred
when the throttle position was changed from 30° to 45° closed.

3. The turbulence in the flow continuously increesed as the
carburetor throttle was closed from the full-open position.
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CONCLUSION

The affect of the carburetor throttle sotting on tho flow char-
actorlstics at the outlcet of the supercharger inlet elbow is of such
Importanco that thir eTfoct should be considored in fucl end charge-
alr distribution pr.bloms.

Alrcraft Englno Reseerch Leboratovry,
Natlional Advigsory Coamittee [or Avronautics,
Clovieland, Ohio.
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Sl inside of bend
(a) Right-quarter view.

Figure 3. - Tuft studies at the outlet of the supercharger

inlet elbow with a carburetor throttle setting of full
open,
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(b) Left-quarter view.

Figure 3. - Concluded. Tuft studies at the outlet of the
supercharger inlet elbow with a carburetor throttle setting
of full open.
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AN
‘Instde of bend

(a) .Right-quarter view,
Figure 5. - Tuft studies at the outlet of the supercharger

inlet elbow with a carburetor throttle setting of 15°
closed. _
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(b) Left-quarter view.

Figure 5. - Concluded. Tuft studies at the outlet of the

supercharger
of 15° close

inlet elbow with a carburetor throttle setting
d. '
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Inside of DW

(a) Right-quarter view,.

Figure 7. - Tuft studies at the outlet of the supercharger
inlet elbow with a carburetor throttlie setting of 30°
closed.
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inside of bend

(b) Left-quarter view.:
Figure 7. - Concluded. Tuft studies at the outlet of a

supercharger inlet elbow with a carburetor throttie setting
of 30° closed.
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inlet elbow with a carburetor throttie setting of 45° closed.
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S

Inside of bend

(a) Right-quarter view.

Figure 9. - Tuft studies at the outlet of the supercharger

inlet elbow with a carburetor throttile setting of y§s5°
closed.
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(b) Left-quarter view.
Figqure 9. - Concluded. Tuft studies at the outlet of a

supercharger inlet elbow with a carburetor throttle setting
of 45° closed.
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